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Abstract: 
The reaction between the tertiary phosphine-borane PhP(BH3)(CH2Ph)2 (6) and one 
equivalent of nBuLi, PhCH2Na, or PhCH2K gives the mono-deprotonation products 
[PhP(BH3)(CHPh)(CH2Ph)]MLn (MLn = Li(OEt2)0.25 (7), Na(THF)0.5 (8), K(OEt2)0.5 (9)).  
Similarly, the reaction between 6 and two equivalents of either PhCH2Na, or PhCH2K gives 
the 1,3-dicarbanion complexes [PhP(BH3)(CHPh)2][MLn]2 (MLn = Na(THF) (10),  
K(THF)0.25 (11)).  However, the reaction between 6 and two equivalents of nBuLi in Et2O, 
THF, or nBu2O gives a mixture of mono- and di-metalated products.  Unexpectedly, the 
reaction between 6 and three equivalents of nBuLi in diethyl ether in the presence of silicone 
grease gives the trinuclear cluster [PhP(BH3)(CHPh)2]Li3(OSiMe2CH2CH2CH2CH3)(OEt2)3 
(12); this compound may be isolated in essentially quantitative yield from the reaction 
between 6, hexamethyltrisiloxane and nBuLi in a 3:1:9 ratio.  Similar tri-lithium complexes 
are isolated from the reaction between 6 and three equivalents of nBuLi in Et2O or tBuOMe, 
which yield [PhP(BH3)(CHPh)2]Li3(OEt)(OEt2)3 (13) and 
[PhP(BH3)(CHPh)2]Li3(OMe)(OtBuMe)3 (14), respectively.  The reaction between 6, two 
equivalents of nBuLi and one equivalent of in situ generated LiOEt or LiOiPr, gave the tri-
lithium clusters 13 and [PhP(BH3)(CHPh)2]Li3(OiPr)(OEt2)3 (16), respectively.  
3 
 
Introduction 
Phosphine-borane-stabilized carbanions (PBCs) are key intermediates in the synthesis 
of (chiral) phosphines such as DIPAMP, which have applications as supporting ligands for 
catalytically active transition metal complexes.1  PBCs are also isoelectronic and isosteric 
with silicon-stabilized carbanions, the latter of which have been used as sterically demanding 
ligands for the synthesis of numerous landmark main group, transition metal and f-element 
compounds.2  Perhaps surprisingly, in spite of the foregoing, the chemistry of PBCs is much 
less well-developed than that of their silicon-substituted analogues.  While the first solid-state 
structure of a PBC complex (the separated ion pair 
[Li(TMEDA)2][Ph2P(BH3)CHP(BH3)Ph2]) was reported in 1979,3 significant efforts to 
investigate the coordination chemistry of these ligands began only in 2004 with the isolation 
of the 1,4-dicarbanion complex [{CH2CH2C(SiMe3){P(BH3)iPr2}Li(PMDETA)]2 [PMDETA 
= N,N,N',N'',N''-pentamethyldiethylenetriamine].4  Subsequently, a range of PBCs has been 
isolated, with varying substitution at the phosphorus and carbanion centers, and these have 
been shown to be versatile ligands to main group, transition metal and lanthanide centers.5-11  
However, even though one of the first reported PBC complexes contained a 1,4-dicarbanion, 
there are relatively few examples of compounds in which the PBC ligand carries more than a 
single negative charge.  In this regard, Harder and co-workers reported the 1,1-dicarbanion 
complex [{Ph2P(BH3)CPPh2(BH3)}2Ca(THF)]2.PhH, which was prepared by the reaction 
between Ph2P(BH3)CH2PPh2(BH3) and (4-tBuC6H4CH2)2Ca(THF)4,6 while Strohmann and 
co-workers reported the isolation of the 1,3-dicarbanion complex 
[{PhP(BH3)(CH2)2}Li]2(R,R-TMCDA)3 from the direct double deprotonation of 
PhP(BH3)Me2 with tBuLi in the presence of the chiral diamine TMCDA [R,R-TMCDA = 
(1R,2R)-N,N,N',N'-tetramethylcyclohexane-1,2-diamine].7  We have reported the solid-state 
structures of several alkyl-tethered phosphine-borane-stabilized 1,4- and 1,6-dicarbanions and 
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have shown that these are useful precursors for the synthesis of agostically-stabilized heavier 
group 14 carbene analogues.8  We have also reported a series of alkali metal complexes of 
phenylene-bridged phosphine-borane-stabilized 1,4-dicarbanions and have shown that these 
generate an unusual, bridged stannyl-stannylene complex on reaction with Cp2Sn.9 
We recently reported a 1,3-dicarbanion supported by a single phosphine-borane center 
in combination with two silicon substituents.10  Thus, the phosphine-borane 
PhP(BH3)(CH2SiMe3)2 (1) reacts directly with two equivalents of nBuLi to give the unusual 
dialkyllithate complex (THF)3Li{PhP(BH3)(CHSiMe3)2}Li(THF)2 (2).  Similarly, 1 
undergoes direct double deprotonation on treatment with (4-tBuC6H4CH2)2Ca(THF)4, 
(PhCH2)2Sr(THF) or (PhCH2)2Ba to give the corresponding heavier alkaline earth metal 
complexes [{PhP(BH3)(CHSiMe3)2}ML]2 [ML = Ca(OEt2) (3), Sr(OEt2)1.75(THF)0.25 (4), 
Ba(OEt2)1.75(THF)0.25 (5)].11 
In an effort to expand the range of such phosphine-borane-stabilized 1,3-dicarbanions 
and in order to assess the impact of replacing the SiMe3 groups in 1 with more charge-
delocalizing phenyl substituents, we have prepared the new phosphine-borane 
PhP(BH3)(CH2Ph)2 (6) and explored its deprotonation behavior, revealing unexpected 
reactivity towards silicone grease and ethereal solvents via Si-O or C-O cleavage processes. 
Results and Discussion 
Synthesis: The reaction between PhPCl2 and two equivalents of PhCH2MgBr in diethyl 
ether cleanly gives the tertiary phosphine PhP(CH2Ph)2, which reacts with one equivalent of 
BH3SMe2 to give the air-stable phosphine-borane PhP(BH3)(CH2Ph)2 (6) as a colorless solid, 
which may be purified by crystallization from hot ethanol.  The 1H, 13C{1H}, 11B{1H} and 
31P{1H} NMR spectra of 6 are as expected; the 11B{1H} and 31P{1H} NMR spectra consist of 
a broad doublet at -40.2 ppm and a broad quartet at 17.5 ppm, respectively (JPB = 58 Hz).  
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For comparison with its alkali metal derivatives, the solid-state structure of 6 was determined 
(see Supporting Information).   
Treatment of 6 with one equivalent of nBuLi, PhCH2Na or PhCH2K in diethyl ether or 
THF gives the mono-deprotonation products [PhP(BH3)(CHPh)(CH2Ph)]MLn (MLn = 
Li(OEt2)0.25 (7), Na(THF)0.5 (8), K(OEt2)0.5 (9)) in essentially quantitative yield, according to 
31P{1H} NMR spectra of the crude reaction solutions [with isolated yields of 90, 85 and 32% 
for 7, 8 and 9, respectively].  The 1H, 13C{1H}, 31P{1H} and 11B{1H} NMR spectra of 7-9 are 
consistent with these formulations.  Of particular note is the significant increase in the 31P-11B 
coupling constant from 58 Hz for 6 to 84, 85 and 77 Hz for 7, 8 and 9, respectively.  This is 
consistent with our previous observation that -deprotonation of phosphine-boranes typically 
leads to an increase in the 31P-11B coupling constant of between 30 and 50 Hz.5  We were not 
able to isolate 7 or 8 as single crystals, but an alternative solvate of 9, 
[PhP(BH3)(CHPh)(CH2Ph)]K(OEt2) (9a), was obtained from cold diethyl ether in a form 
suitable for X-ray crystallography (see below). 
Treatment of 6 with two equivalents of either PhCH2Na or PhCH2K in THF results in 
clean double deprotonation to give the 1,3-dicarbanion complexes 
[PhP(BH3)(CHPh)2][MLn]2 (MLn = Na(THF) (10),  K(THF)(0.25) (11)) as the sole phosphorus-
containing products [with isolated yields for 10 and 11 of 85 and 92%, respectively].  
Although we were not able to isolate single crystals of these complexes, multinuclear NMR 
spectroscopy is consistent with complete double deprotonation of 6 in each case.  On the 
second deprotonation the 31P{1H} NMR signal shifts from 1.9 and 1.7 ppm in 8 and 9, 
respectively, to -14.3 and -13.9 ppm in 10 and 11, respectively.  The 31P-11B coupling 
constants increase from 85 and 77 Hz for 8 and 9, respectively, to 97 and 98 Hz for 10 and 
11, respectively. 
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Given the above, and given the ready double deprotonation of the previously reported 
silicon-substituted analogue 1, we were initially surprised to find that treatment of 6 with two 
equivalents of nBuLi in diethyl ether does not result in complete double deprotonation.  A 
31P{1H} NMR spectrum of the crude reaction mixture after 1 h exhibited broad multiplets at 
5.2 and -12.4 ppm in an approximately 1:1 ratio, consistent with the presence of both mono- 
and di-carbanionic species in equal amounts.  The ratio of these peaks did not change over 
extended reaction times (several days) or upon heating of the solution.  However, addition of 
a further equivalent of nBuLi led to the disappearance of the signal at 5.2 ppm and an 
increase in intensity of the higher field signal, consistent with full double deprotonation of 6.  
Concentration of this solution and cooling to -25 °C for 16 h gave a small number of pale 
yellow crystals.  Somewhat surprisingly, X-ray crystallographic analysis of these crystals 
showed them to be of the tri-lithium complex 
[PhP(BH3)(CHPh)2]Li3(OSiMe2CH2CH2CH2CH3)(OEt2)3 (12).  While compound 12 contains 
the desired phosphine-borane-stabilized dicarbanion, it appears that the third equivalent of 
nBuLi had reacted with the silicone grease used to seal the Schlenk flask, to give the lithium 
siloxide LiOSiMe2(nBu), and that this had ultimately been incorporated into the complex.    
Reactions between polar organometallic compounds and silicone grease have some 
precedent and include the template-assisted formation of cyclic polysiloxanes, which act as 
crown ether mimics, and the abstraction of di-anionic polysiloxane units [O(SiMe2O)n]2-.12,13  
However, the abstraction of SiMe2O units from the predominant poly(dimethylsiloxane) 
component of commercial silicone grease, as observed in this case, appears to be the most 
common reaction pathway.  Specifically, the incorporation of an OSiMe2(nBu) unit has been 
observed previously in the reaction between [LiCH2PMe2NSiMe3]4, ZnCl2 (or CoCl2) and 
nBuLi, which unexpectedly gave the dicarbanion cluster 
[Li7(CHPMe2NSiMe3)3{OSiMe2(nBu)}]2.14 
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Since only a small number of crystals were obtained from this reaction, we were unable 
to obtain further data on this sample.  However, compound 12 may be obtained in essentially 
quantitative yield from the reaction between 6, three equivalents of nBuLi and one third of an 
equivalent of hexamethyltrisiloxane (Scheme 1; yield of crystalline material 74%).  The 
31P{1H} and 11B{1H} NMR spectra of 12 in d8-toluene consist of a broad multiplet at -13.0 
ppm and a broad doublet (JPB = 104 Hz) at -32.6 ppm, respectively; the large 31P-11B 
coupling constant observed for 12 is of a similar magnitude to that observed for the related 
silicon-substituted dicarbanion in 2 (JPB = 108 Hz). 
 
Scheme 1.  Stoichiometric reaction leading to 12. 
 
Given that the clean double deprotonation of 6 proceeds in the presence of three 
equivalents of nBuLi and a source of SiMe2O units, to give 12, we were surprised to observe 
that the this reaction also proceeds in the absence of silicone grease (or other sources of 
SiMe2O units).  After 16 h the 31P{1H} NMR spectrum of the crude reaction mixture from the 
reaction between 6 and three equivalents of nBuLi in diethyl ether in a grease-free Schlenk 
flask exhibited a single multiplet at -12.4 ppm, consistent with quantitative formation of the 
dicarbanion.  Concentration of the reaction solution and cooling to -25 °C gave yellow 
crystals of the complex [PhP(BH3)(CHPh)2]Li3(OEt)(OEt2)3 (13) in moderate (34%) isolated 
yield (Scheme 2).  The coordinated solvent is only weakly bound and is partially lost on 
exposure of 13 to vacuum, yielding the alternative solvate 
[PhP(BH3)(CHPh)2]Li3(OEt)(OEt2)2 (13a). 
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Scheme 2.  Synthesis of 13 via a C-O cleavage reaction. 
 
The isolation of 13 suggests that, during the reaction, the C-O bond of the diethyl ether 
solvent has been cleaved, generating lithium ethoxide, which has subsequently been 
incorporated into the product to give a cluster similar in structure to 12 (see below).  It is 
striking that 6 requires three equivalents of nBuLi and several hours in order to undergo full 
double deprotonation, whereas the silicon-substituted phosphine-borane 1 undergoes ready 
double deprotonation within 1 h on treatment with two equivalents of nBuLi.  This is in spite 
of the fact that a phenyl ring would normally be expected to stabilize an -carbanion to a 
greater extent than a silyl substituent, suggesting that double deprotonation of 6 should be 
more facile than double deprotonation of 1.   
A clue to the mechanism of formation of 13 may be found in the behavior of the 
alkaline earth metal complexes 3-5, which contain the silicon-substituted dicarbanion 
[{(Me3Si)CH}2P(BH3)Ph]2-.  We have previously shown that compounds 3-5 decompose 
over a period of several weeks in THF solution, via - or -abstraction of a proton (from 
coordinated THF or diethyl ether, respectively) to generate the corresponding monocarbanion 
[(Me3Si)CH2PPh(BH3)CH(SiMe3)]- according to Scheme 3.11  The ethylene side-product 
from this reaction was identified spectroscopically; however, the intermediate B appeared to 
be subject to a Schlenk-type equilibrium to give C and Ae(OEt)2, the latter of which was not 
identified unambiguously due to its poor solubility in the NMR solvent. 
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Scheme 3.  Decomposition of alkaline earth metal complexes of a related 1,3-dicarbanion 
(Ae =  Ca, Sr, Ba). 
In the present case, we suggest that the reaction between 6 and three equivalents of 
nBuLi in diethyl ether initially results in rapid double deprotonation to give the expected 
dicarbanion complex D (Scheme 4).  However, compound D is unstable with respect to -
proton abstraction from the methyl group of a diethyl ether co-ligand, generating the 
monocarbanion complex E, which incorporates the Li(OEt) side-product.  Compound E then 
undergoes a second rapid deprotonation, using the third equivalent of nBuLi, to give 13.   
 
Scheme 4.  Proposed pathway to 13. 
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In order to provide further evidence to support this proposed reaction pathway, 
compound 6 was reacted with three equivalents of nBuLi with tBuOMe as solvent; if this 
reaction proceeds preferentially via -proton abstraction from the solvent then the sole 
product should be the methoxy-substituted analogue of 13.  We find that treatment of 6 with 
three equivalents of nBuLi in tBuOMe results in complete double deprotonation after 16 h to 
give the trinuclear cluster [PhP(BH3)(CHPh)2]Li3(OMe)(OtBuMe)3 (14) as the sole 
phosphorus-containing product (Scheme 5; yield of isolated crystalline material 33%).  No 
evidence was observed for the formation of the alternative t-butoxy-substituted complex.  
Both 13 and 14 were isolated as single crystals and their structures were determined by X-ray 
crystallography (see below).   
 
  
Scheme 5 
 
Given the foregoing, it is notable that, while double deprotonation occurs rapidly on 
treatment of 6 with two equivalents of either PhCH2Na or PhCH2K, C-O cleavage is not 
observed in these reactions.  Since the M-C bond is likely to be more polar, and so more 
reactive, in the di-sodium and di-potassium complexes, the lack of C-O cleavage in these 
cases suggests that the C-O bond is activated by coordination of the ether to the more Lewis 
acidic lithium ion.  Further evidence in support of this is provided by the reaction between 6 
and two equivalents of nBuLi in the presence of TMEDA.  This reaction proceeds rapidly in 
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diethyl ether to give the dicarbanion complex [PhP(BH3)(CHPh)2]Li2(TMEDA) (15), 
according to 1H, 13C{1H}, 11B{1H} and 31P{1H} NMR spectroscopy; i.e. under these 
conditions the double deprotonation of 6 occurs without degradation of the solvent (yield 
88%).  We attribute this behavior to the chelating nature of the TMEDA co-ligand, which 
blocks the coordination of diethyl ether molecules to the lithium ion and so suppresses the C-
O cleavage reaction. 
Since the incorporation of a lithium alkoxide appears to be key to the isolation of the 
dicarbanion complexes 12-14, we next considered whether cluster formation could be 
induced by the presence of a deliberately added lithium alkoxide.  Initial attempts to doubly 
deprotonate 6 using two equivalents of nBuLi in the presence of LiOMe were frustrated by 
the poor solubility of this lithium alkoxide in diethyl ether.  However, treatment of 6 with two 
equivalents of nBuLi in diethyl ether in the presence of one equivalent of the more soluble 
LiOEt or LiOiPr (generated in situ) led smoothly to the formation of 13 and 
[PhP(BH3)(CHPh)2]Li3(OiPr)(OEt2)3 (16), respectively; the coordinated solvent is partially 
lost on exposure of 16 to vacuum, yielding the alternative solvate 
[PhP(BH3)(CHPh)2]Li3(OiPr)(OEt2)1.5 (16a).  31P{1H} NMR spectra of the crude reaction 
solutions indicate that these reactions are complete within 1 h, suggesting that the rate-
determining step in the alternative synthesis of 13 is the C-O cleavage reaction.  It is also 
notable that, although the synthesis of 16 was carried out in diethyl ether, it is the pre-formed 
lithium isopropoxide that is incorporated in the cluster and that the diethyl ether solvent is not 
attacked in this case.   
Solid-state structures: Compound 9a crystallizes as centrosymmetric dimers (Figure 
1).  Each potassium ion is coordinated by the carbanion center and, in an 6-manner, by the 
phenyl ring of the non-deprotonated benzyl group of the PBC ligand, along with an 1-BH3 
contact from the same PBC ligand and a molecule of diethyl ether.  Each potassium cation is 
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further coordinated by an 2-BH3 contact from the second ligand, such that each BH3 group 
acts as a -1:2 bridge between the two potassium ions in the dimer.  In addition, there is a 
short K…Me contact between the potassium ion and one methyl group from the diethyl ether 
co-ligand.  The K(1)-C(1) distance of 3.1633(17) Å is at the longer end of the range of typical 
K-C distances,15 but is similar to the K-C(benzylic) distances in [{PhCH(SiMe3)2}K] 
(3.007(2) Å)16 and 1,2-C6H4{CH2P(BH3)iPr2}[{CHP(BH3)iPr2}K(PMDETA)] (3.211(2) Å).9 
 
 
Figure 1.  Molecular structure of 9a with 40% probability ellipsoids and with C-bound H 
atoms omitted for clarity.  Selected bond lengths (Å): K(1)-C(1) 3.1633(17), K(1)-O(1) 
2.7360(12), K(1)…B(1) 3.454(2), K(1)…B(1A) 3.0629(18), K(1)-C(9) 3.2321(15), K(1)-
C(10) 3.2495(16), K(1)-C(11) 3.3210(17), K(1)-C(12) 3.3491(18), K(1)-C(13) 3.3214(18), 
K(1)-C(14) 3.2651(17), K(1)…C(22) 3.449(2), P(1)-B(1) 1.9272(18), P(1)-C(1) 1.7172(16), 
P(1)-C(8) 1.8615(16), P(1)-C(15) 1.8356(16). 
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Metalation of 6 leads to a substantial shortening of the P(1)-C(1) bond [P(1)-C(1) 
1.8318(15) (6), 1.7172(16) Å (9a)], consistent with the change in hybridization of this carbon 
atom from sp3 to sp2 (sum of angles in the CPCH skeleton of 9a = 358.7°) and with extensive 
negative hyperconjugation between the carbanion lone pair and the remaining P-C *-
orbitals.  Consistent with this, the P(1)-C(8) and P(1)-C(15) distances increase from 
1.8299(15) and 1.8141(15) Å, respectively, in 6 to 1.8615(16) and 1.8356(16) Å, 
respectively, in 9a; the P(1)-B(1) distance also increases slightly on metalation, from 
1.9122(17) Å in 6 to 1.9272(18) Å in 9a. 
 Compound 12 crystallizes as discrete monomers (Figure 2).  The lithium ions are in 
two distinct environments: Li(1) is coordinated by the two carbanion centers [Li(1)-C(1) 
2.573(5), Li(1)-C(8) 2.319(5) Å], generating a four-membered chelate ring [C(1)-Li(1)-C(8) 
bite angle 71.49(15)°], along with the siloxide oxygen atom and a molecule of diethyl ether.  
In contrast, Li(2) and Li(3) are each coordinated by one carbanion center [Li(2)-C(1) 
2.288(5), Li(3)-C(8) 2.482(5) Å], a molecule of diethyl ether, the siloxide oxygen and an 1-
BH3 group.  Thus, each carbanion center bridges two lithium ions, while the siloxide oxygen 
bridges all three lithium ions.  Overall, the core of 12 may be considered a distorted cube, 
formed by the three Li ions, the two carbanion centers, the siloxide oxygen and the P-BH3 
moiety.   
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Figure 2.  Molecular structure of 12 with 40% probability ellipsoids and with C-bound H 
atoms omitted for clarity.  Selected bond lengths (Å): Li(1)-C(1) 2.573(5), Li(1)-C(8) 
2.319(5), Li(1)-O(1) 1.995(5), Li(1)-O(4) 1.917(4), Li(2)-C(1) 2.288(5), Li(2)-O(2) 
1.902(11), Li(2)-O(4) 1.905(5), Li(2)-H(1B) 2.07(4), Li(3)-C(8) 2.482(5), Li(3)-O(3) 
1.937(4), Li(3)-O(4) 1.896(5), Li(3)-H(1B) 2.16(4), P(1)-C(1) 1.771(2), P(1)-C(8) 1.768(2), 
P(1)-C(15) 1.843(2), P(1)-B(1) 1.951(3). 
 
Compounds 13 and 14 adopt very similar structures to that of 12 (Figure 3).  In each 
case, Li(1) is coordinated by the two carbanion centers [13 Li(1)-C(1) 2.701(4), Li(1)-C(8) 
2.311(4) Å; 14 Li(1)-C(1) 2.348(3), Li(1)-C(8) 2.394(4) Å], to give a four-membered chelate 
ring [bite angles: 72.57(10)° (13), 72.75(10) (14)], a molecule of ether and the alkoxy 
oxygen atom.  In contrast, Li(2) and Li(3) are each coordinated by a single carbanion center, 
a molecule of ether, the alkoxy oxygen atom and the hydrogen atoms of the BH3 group.  In 13 
the BH3 group bridges Li(2) and Li(3) in a -1:2 manner, while in 14 the BH3 group 
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bridges Li(2) and Li(3) in a -1:1 manner.  In addition, in 14 Li(2) has a short contact with 
the ipso-carbon of the phenyl ring of one of the benzyl groups [Li(2)…C(9) 2.775(3) Å)] 
    
   (a)      (b) 
Figure 3.  Molecular structures of (a) 13 and (b) 14 with 40% probability ellipsoids and with 
C-bound H atoms omitted for clarity.  Selected bond lengths (Å): 13 Li(1)-C(1) 2.701(4), 
Li(1)-C(8) 2.311(4), Li(1)-O(4) 1.866(4), Li(1)-O(1) 1.982(4), Li(2)-C(1) 2.257(4), Li(2)-
O(2) 1.946(5), Li(2)-O(4) 1.879(4), Li(2)-H(1A) 2.08(2), Li(3)-C(8) 2.481(4), Li(3)-O(3) 
1.924(4), Li(3)-O(4) 1.875(4), Li(3)-H(1A) 2.28(2), Li(3)-H(1C) 2.26(2), P(1)-C(1) 
1.7624(18), P(1)-C(8) 1.7663(17), P(1)-C(15) 1.8441(19), P(1)-B(1) 1.961(2).  14 Li(1)-C(1) 
2.396(3), Li(1)-C(8) 2.394(3), Li(1)-O(1) 1.981(3), Li(1)-O(4) 1.858(3), Li(2)-C(1) 2.348(3), 
Li(2)-O(2) 1.914(5), Li(2)-O(4) 1.853(3), Li(2)-H(1A) 2.17(2), Li(3)-C(8) 2.323(3), Li(3)-
O(3) 1.928(3), Li(3)-O(4) 1.869(3), Li(3)-H(1A) 2.19(2), Li(3)…C(9) 2.775(3), P(1)-C(1) 
1.7654(15), P(1)-C(8) 1.7653(17), P(1)-C(15) 1.8418(16), P(1)-B(1) 1.9460(18). 
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The molecular structure of 16 is essentially identical to those of 13 and 14 (see 
Supporting Information).  The Li-C distances in 12-14 and 16 are within the range of typical 
Li-C bonds to bridging alkyl groups; for example, the Li-C distances in C6H4-1,2-
{CH(SiMe3)}2{Li(TMEDA)}2 are 2.38(2) Å.17   
The P(1)-C(1) and P(1)-C(8) distances in 12-14 and 16 are rather similar, ranging from 
1.7624(18) to 1.771(2) Å, although these are significantly longer than the P(1)-C(1) distance 
in the mono-carbanion complex 9a [1.7172(16) Å].  Similarly, the P(1)-C(15) distances in 
12-14 and 16 fall in the narrow range from 1.8418(16) to 1.8441(19) Å and these distances 
are somewhat longer than the P(1)-C(15) distances in both 6 [1.8141(15) Å] and 9a 
[1.8356(16) Å].  The foregoing is consistent with delocalization of negative charge from two 
carbanion centers in 12-14 and 16 into the P(1)-C(15) *-orbital, compared to the single 
delocalization in 9a.  In 12-14 and 16 competition between the carbanion centers for the same 
vacant orbital on phosphorus leads to less efficient hyperconjugation for each carbanion 
center, and hence to a longer and weaker P-C(carbanion) bond than in 9a, but also to greater 
combined donation of electron density into the vacant P-C(phenyl) *-orbital, and a 
consequently weaker and longer P-C(phenyl) bond than is observed in the mono-carbanion 
complex 9a. 
Solution-state behavior: The variable-temperature 1H NMR spectra of 12 are 
complicated by the presence of the OSiMe2nBu group, the signals for which obscure those 
due to the methine protons of the PBC ligand; however, the large number of signals in the 
aromatic region of the low-temperature 1H NMR spectrum of 12 indicate desymmetrization 
of the PBC ligand, suggesting that the structure observed in the solid state is maintained in 
toluene solution (see Supporting Information).  Consistent with this, while the room 
temperature 7Li NMR spectrum of 12 consists of a single singlet at 0.4 ppm, at -80 °C the 
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spectrum exhibits three singlets of approximately equal intensity at 0.5, 0.8 and 0.9 ppm 
(Figure 4). 
 
                             
                                    (a)    (b) 
Figure 4.  7Li NMR spectra of 12 in d8-toluene at (a) 25 °C and (b) -80 °C. 
 
In contrast, the variable temperature 7Li NMR spectra of 13 exhibit a single singlet over 
the temperature range -80 to 80 °C, suggesting either accidental coincidence of the signals 
due to the three types of lithium ions in the structure, or else rapid exchange of these lithium 
ions on the NMR timescale over this temperature range.  However, the variable-temperature 
1H NMR spectra of 13 are more informative (Figure 5).  At 80 °C the 1H NMR spectrum of 
13 exhibits a single set of signals due to the methine and aromatic protons of the PBC ligand, 
and a quartet and triplet due to the ethoxy group, along with signals due to the diethyl ether 
co-ligands, suggesting that this compound is subject to one or more dynamic equilibria at this 
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temperature.  As the temperature is reduced, the signals due to the methyl (A) and methylene 
(B) protons of the ethoxy group shift from 0.94 and 3.41 ppm, respectively, at 80 °C, to 1.27 
and 3.81 ppm, respectively, at -40 °C.  A more dramatic change is observed in the methine 
and aromatic protons of the benzylic groups of the PBC ligand.  At 80 °C the methine protons 
give rise to a broad singlet at 2.59 ppm (C); as the temperature is reduced this peak broadens 
and shifts to lower field, eventually decoalescing at -40 °C into two equal intensity doublets 
at 2.60 and 3.33 ppm (D and E; JPH = 6.5 Hz in each case).  Similarly, in the aromatic region, 
while the signals observed at 80 °C are consistent with a symmetrical ligand system, at -40 
°C the more complex spectrum suggests desymmetrization of the PBC ligand.  
 
Figure 5.  Variable-temperature 1H NMR spectra of 13 in d8-toluene. 
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The low-temperature 7Li NMR spectrum of 12 and the low-temperature 1H NMR 
spectrum of 13 are consistent with the solid-state structures of these compounds, in which the 
two benzylic groups of the PBC ligand adopt different orientations with respect to the cluster 
core; one phenyl ring lying close to the phosphorus center, while the other is orientated away 
from this center (Figure 6).  This makes all three lithium ions and both of the methine protons 
inequivalent.  At higher temperatures dynamic exchange is rapid and only a single signal is 
observed for the lithium ions and for the two methine protons. 
  
Figure 6.  Schematic diagram showing the inequivalence of the methine protons of the 
benzyl groups and the three lithium ions in 12 and 13 (coordinated solvent omitted for 
clarity). 
 
Conclusions: 
While the bis(phosphine-borane) 6 readily undergoes mono-deprotonation on reaction with a 
single equivalent of nBuLi, treatment of 6 with two equivalents nBuLi in ether solvents 
yields mixtures of mono- and di-carbanion complexes.  The reactions between 6 and three 
equivalents of nBuLi give unexpected trinuclear complexes incorporating the dicarbanion and 
a lithium alkoxide/siloxide.  This behavior is in marked contrast to that of the analogous silyl-
substituted ligand 1, which undergoes straightforward double deprotonation on treatment 
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with two equivalents of nBuLi to give the dicarbanion complex 2.  The difference in 
deprotonation behavior between 6 and 1 is particularly surprising, given that a phenyl ring 
should stabilize an adjacent carbanion more effectively than a silyl group, and so favor rapid 
double deprotonation.  In accordance with the foregoing, we tentatively attribute the unusual 
behavior of 6 to the greater delocalization of charge in the putative dicarbanion species D, 
which leads to less effective donation of electron density from each carbanion center to the 
coordinated lithium ions.  This results in increased Lewis acidity of the lithium ions and 
consequent activation of the coordinated ethers.  For 2 the increased charge on the carbanion 
decreases the Lewis acidity of the lithium centers and so ether cleavage does not take place.  
 Experimental Procedure: 
General: All manipulations were carried out using standard Schlenk and dry-box 
techniques under an atmosphere of dry nitrogen or argon.  THF, diethyl ether, toluene, light 
petroleum (b.p. 40-60 °C) and tBuOMe were dried prior to use by distillation under nitrogen 
from sodium, potassium, or sodium/potassium alloy, as appropriate.  THF and tBuOMe were 
stored over activated 4A molecular sieves; all other solvents were stored over a potassium 
film.  Deuterated toluene, benzene and THF were distilled from potassium and CDCl3 was 
distilled from CaH2 under argon; all NMR solvents were deoxygenated by three freeze-pump-
thaw cycles and were stored over activated 4A molecular sieves.  n-Butyllithium was 
purchased from Aldrich as a 2.5 M solution in hexanes and its concentration accurately 
determined by titration before use; BH3.SMe2 was purchased from Aldrich as a 2.0 M 
solution in THF and was used as received.  TMEDA was distilled from CaH2 and was stored 
over activated 4 Å molecular sieves.  Hexamethyltrisiloxane was purchased from Aldrich and 
was used as received.  Benzylsodium18 and benzylpotassium19 were prepared by previously 
published routes; all other compounds were used as supplied by the manufacturer.   
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1H and 13C{1H} NMR spectra were recorded on a Bruker AvanceIII 500 spectrometer 
operating at 500.16 and 125.65 MHz, respectively, or a Bruker AvanceIII 300 spectrometer 
operating at 300.15 and 75.47 MHz, respectively; chemical shifts are quoted in ppm relative 
to tetramethylsilane.  7Li, 31P{1H} and 11B{1H} NMR spectra were recorded on a Bruker 
AvanceIII 500 spectrometer operating at 194.38, 202.35 and 160.47 MHz, respectively; 
chemical shifts are quoted in ppm relative to external 0.1 M LiCl, 85% H3PO4 and BF4(OEt2), 
respectively.  Due to the air- and moisture-sensitive nature of the majority of the reported 
compounds, satisfactory elemental analyses could not be obtained. 
PhP(CH2Ph)2:
20 To a cold (0 °C) solution of PhPCl2 (8.95 g, 50 mmol) in Et2O (100 
mL) was added, dropwise, PhCH2MgBr (100 mL, 1.0 M solution in Et2O, 100 mmol) and 
this mixture was stirred for 2 h and allowed to attain room temperature.  The mixture was 
filtered and the solvent was removed in vacuo from the filtrate to give a pale yellow solid.  
Recrystallization from cold (-25 °C) Et2O (30 mL) gave colorless crystals suitable for X-ray 
crystallography.  Yield 13.8 g, 96%.  1H NMR (CDCl3): δ 3.06 (m, 4H, CH2Ph), 7.06–7.41 
(m, 15H, Ph).  13C{1H} NMR (CDCl3): δ 35.39 (d, JPC = 17.3 Hz, CH2P), 125.90 (d, JPC = 2.8 
Hz, Ph), 128.29, 128.36 (Ph), 129.29, 129.35 (Ph), 132.92 (d, JPC = 19.6 Hz, Ph), 137.22 (d, 
JPC = 17.7 Hz, Ph), 137.71 (d, JPC = 6.0 Hz, Ph).  31P{1H} NMR (CDCl3): δ -12.5 (s). 
PhP(BH3)(CH2Ph)2 (6): To a solution of PhP(CH2Ph)2 (13.34 g, 46 mmol) in Et2O 
(100 mL) was added BH3.SMe2 (23 mL, 2.0 M solution in THF, 46 mmol) and this mixture 
was stirred at room temperature for 2 h.  The solvent was removed in vacuo to give 6 as a 
colorless solid.  Recrystallisation from boiling ethanol (20 mL) gave 6 as colorless crystals 
suitable for X-ray crystallography on cooling to room temperature.  Yield 13.7 g, 98%.  Anal. 
Calcd. for C20H22BP: C 78.97, H 7.29%.  Found: C 78.13, H 7.22%.  1H{11B} NMR (CDCl3): 
δ 0.74 (d, JPH = 15.6 Hz, 3H, BH3), 3.18-3.36 (m, 4H, CHHP), 7.03–7.56 (m, 15H, Ph).  
13C{1H} NMR (CDCl3) : δ 33.30 (d, JPC = 31.2 Hz, CH2P), 127.06 (d, JPC = 2.7 Hz, Ph), 
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128.32 (d, JPC = 2.3 Hz, Ph), 128.51 (d, JPC = 9.7 Hz, Ph), 130.18 (d, JPC = 4.4 Hz, Ph), 
131.67 (d, JPC = 2.1 Hz, Ph), 132.14 (d, JPC = 5.5 Hz, Ph), 132.95 (d, JPC = 8.8 Hz, Ph).  
11B{1H} NMR (CDCl3) : δ -40.2 (d, JPB = 58 Hz).  31P{1H} NMR (CDCl3) : δ 17.5 (m).   
 [PhP(BH3)(CHPh)(CH2Ph)]Li(Et2O)0.25 (7): To a suspension of 6 (0.91 g, 3 mmol) 
in Et2O (30 mL) was added nBuLi (1.2 mL of a 2.45 M solution in hexane, 3 mmol) and this 
mixture was stirred for 30 min. The solvent was removed in vacuo to give 7 as a yellow solid, 
which was washed with a little light petroleum and dried under vacuum.  Yield 1.10 g, 90%.  
1H{11B} NMR (C6D6) : δ 1.17 (t, 3H, Et2O), 1.43 (d, JPH = 12.6 Hz, 3H, BH3), 2.44 (d, JPH = 
3.3 Hz, 1H, CHP), 3.33 (q, 4H, Et2O), 3.52 (m, 2H, CHHP), 6.51 (m, 1H Ph), 7.04-7.19 (m, 
12H, Ph), 7.93 (m, 2H, Ph).  13C{1H} NMR (C6D6): δ 15.58 (Et2O), 28.30 (d, JPC = 53.8 Hz, 
CHP), 36.31 (d. JPC = 26.0 Hz, CH2P), 65.92 (Et2O), 113.41 (Ph), 121.36 (d, JPC = 12.4 Hz, 
Ph), 125.63 (d, JPC = 2.5 Hz, Ph), 127.84, 127.96, 128.77 (Ph), 129.25 (d, JPC = 2.0 Hz, Ph), 
130.82 (d, JPC = 4.2 Hz, Ph), 132.77 (d, JPC = 8.8 Hz, Ph), 136.14 (d, JPC = 46.0 Hz, Ph), 
136.52 (d, JPC = 6.2 Hz, Ph), 150.74 (d, JPC = 1.7 Hz, Ph). 7Li{1H} NMR (116.64 MHz, 
C6D6, 25 °C): δ 0.0 (s).  11B{1H} NMR (C6D6): δ -35.8 (d, JPB = 84 Hz).  31P{1H} NMR 
(C6D6): δ 4.0 (m).   
[PhP(BH3)(CHPh)(CH2Ph)]Na(THF)0.5 (8): To a solution of 6 (0.91 g, 3 mmol) in 
THF (20 mL) was added a solution of PhCH2Na (0.35 g, 3 mmol) in THF (20 mL) and this 
mixture was stirred for 30 min.  The solvent was removed in vacuo to give a red powder, 
which was washed with a little light petroleum and dried under vacuum.  Yield 0.93 g, 85%.   
1H{11B} NMR (d8-THF):  0.65 (d, JPH = 14.0 Hz, 3H, BH3), 1.78 (m, 2H, THF), 2.10 (d, JPH 
= 12.8 Hz, CHP), 3.13 (m, 1H, CHHP; A component of ABX spin system), 3.36 (m, 1H, 
CHHP; B component of ABX spin system), 3.63 (m, 2H, THF), 5.99 (m, 1H, Ph), 6.59-6.68 
(m, 4H, Ph), 6.95-7.03 (m, 5H, Ph), 7.22 (m, 3H, Ph), 7.65 (m, 2H, Ph).  13C{1H} NMR (d8-
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THF):  26.43 (THF), 31.32 (d, JPC = 69.6 Hz, CHP),  35.76 (d, JPC = 27.9 Hz, CH2P), 68.34 
(THF), 111.08 (Ph), 120.34 (d, JPC = 11.4 Hz, Ph), 125.53 (d, JPC = 2.6 Hz, Ph), 127.72 (d, 
JPC = 2.3 Hz, Ph), 127.98 (d, JPC = 8.9 Hz, Ph), 128.49 (Ph), 128.81 (d, JPC = 2.3 Hz, Ph), 
131.25 (d, JPC = 4.4 Hz, Ph), 132.90 (d, JPC = 8.8 Hz, Ph), 137.95 (d, JPC = 5.2 Hz, Ph), 
139.28 (d, JPC = 46.9 Hz, Ph), 152.11 (d, JPC = 2.0 Hz, Ph).  11B{1H} NMR (d8-THF):  -35.4 
(d, JPB = 85 Hz).  31P{1H} NMR (d8-THF):  1.9 (m). 
[PhP(BH3)(CHPh)(CH2Ph)]K(OEt2)0.5 (9): To a solution of 6 (0.91 g, 3 mmol) in 
THF (20 mL) was added a solution of PhCH2K (0.39 g, 3 mmol) in THF (20 mL) and this 
mixture was stirred for 30 mins.  The solvent was removed in vacuo to give an orange-red 
solid which was crystallized from cold (-25 °C) Et2O (10 mL) to give single crystals of 
[{PhP(BH3)(CHPh)(CH2Ph)}K(OEt2)]2 (9a) suitable for X-ray crystallography.  These 
crystals lose coordinated solvent on exposure to vacuum for a few minutes to give the 
alternative solvate [PhP(BH3)(CHPh)(CH2Ph)]K(OEt2)0.5 (9); all data refer to this solvate.  
Yield of crystalline material 0.40 g, 32%.  1H{11B} NMR (d8-THF):  0.70 (d, JPH = 13.8 Hz, 
3H, BH3), 1.13 (t, 3H, Et2O), 2.12 (d, JPH = 14.1 Hz, 1H, CHP), 3.09 (m, 1H, CHHP; A 
component of ABX spin system), 3.29 (m, 1H, CHHP; B component of ABX spin system), 
3.40 (q, 2H, Et2O), 5.88 (m, 1H, Ph), 6.46 (m, 2H, Ph), 6.60 (m, 2H, Ph), 7.04 (m, 5H, Ph), 
7.20 (m, 3H, Ph), 7.67 (m, 2H, Ph).  13C{1H} NMR (d8-THF):  15.77 (Et2O), 33.84 (d, JPC = 
80.0 Hz, CHP), 36.79 (d, JPC = 32.5 Hz, CH2P), 66.36 (Et2O), 109.69 (Ph), 119.18 (d, JPC = 
11.6 Hz, Ph), 125.65 (d, JPC = 2.3 Hz, Ph), 127.80 (d, JPC = 1.7 Hz, Ph), 127.97 (d, JPC = 8.83 
Hz, Ph), 128.75 (Ph), 131.25 (d, JPC = 3.9 Hz, Ph), 132.83 (d, JPC = 8.6 Hz, Ph), 138.14 (d, 
JPC = 5.3 Hz, Ph), 139.57 (d, JPC = 43.6 Hz, Ph), 152.28 (d, JPC = 5.2 Hz, Ph).  11B{1H} NMR 
(d8-THF):  -35.7 (d, JPB = 77 Hz).  31P{1H} NMR (d8-THF):  1.7 (br m).   
24 
 
{PhP(BH3)(CHPh)2}Na2(THF) (10): A solution of 6 (0.60 g, 2 mmol) in THF (20 mL) 
was added to solid PhCH2Na (0.46 g, 4 mmol) and this mixture was stirred for 1 h. The 
solvent was removed in vacuo and the product was extracted into toluene (20 mL) and 
filtered.  The solvent was removed in vacuo from the filtrate to give 10 as an orange solid, 
which was washed with a little light petroleum and dried under vacuum.  Yield 0.69 g, 85%.  
1H{11B} NMR (d8-THF): δ 0.66 (d, JPH = 11.2 Hz, 3H, BH3), 1.73 (m, 4H, THF), 2.67 (d, JPH 
= 15.6 Hz, 2H, CHP), 3.59 (m, 4H, THF), 5.62 (m, 2H, Ph), 6.47 (m, 7H, Ph), 7.05 (m, 4H, 
Ph), 7.80 (m, 2H, Ph).  13C{1H} NMR (d8-THF):  26.36 (THF), 42.05 (d, JPC = 73.7 Hz, 
CHP), 68.37 (THF), 107.04 (Ph), 117.58 (br, Ph), 126.58 (Ph), 127.18 (d, JPC =  8.3 Hz, Ph), 
128.69 (Ph), 132.28 (d, JPC = 8.8 Hz, Ph), 145.73 (d, JPC = 40.2 Hz, Ph), 152.69 (d, JPC = 3.4 
Hz, Ph).  11B{1H} NMR (d8-THF):  -32.4 (d, JPB = 97 Hz).  31P{1H} NMR (d8-THF):  -14.3 
(br. m).   
{PhP(BH3)(CHPh)2}K2(THF)0.25 (11): A solution of 6 (0.60 g, 2 mmol) in THF (20 
mL) was added to solid PhCH2K (0.52 g, 4 mmol) and this mixture was stirred for 1 h.  The 
solvent was removed in vacuo and the product was extracted into toluene (20 mL), filtered, 
and the solvent was removed in vacuo from the filtrate to give 11 as an orange powder, which 
was washed with a little light petroleum and dried under vacuum.  Yield 0.76 g, 92%.  1H 
NMR (d8-THF): δ 0.61 (br m, 3H, BH3), 1.78 (m, 1H, THF), 2.67 (d, JPH = 16.5 Hz, 2H, 
CHP), 3.62 (m, 1H, THF), 5.46 (m, 2H, Ph), 6.34 (br, 4H, Ph), 6.42 (m, 4H, Ph), 7.03-7.18 
(m, 3H, Ph), 7.80 (m, 2H, Ph).  13C{1H} NMR (d8-THF) : δ 26.43 (THF), 45.47 (d, JPC = 81.1 
Hz, CHP), 68.29 (THF), 104.09 (Ph), 114.35, 119.14 (br, Ph), 126.91 (d, JPC = 2.0 Hz, Ph), 
127.45 (d, JPC = 8.0 Hz), 129.11 (Ph), 132.35 (d, JPC = 7.4 Hz, Ph), 144.86 (d, JPC = 52.1 Hz, 
Ph), 152.55 (d, JPC = 4.6 Hz, Ph).  11B{1H} NMR (d8-THF): δ -34.3 (d, JPB = 98 Hz). 31P{1H} 
NMR (d8-THF): δ -13.9 (m). 
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[PhP(BH3)(CHPh)2]Li3(OSiMe2nBu)(OEt2)3 (12): To a suspension of 6 (0.91 g, 3 
mmol) and (Me2SiO)3 (0.22 g, 1 mmol) in Et2O (20 mL) was added nBuLi (3.7 mL, 2.43 M 
solution in hexane, 9 mmol) and this mixture was stirred for 2 h. Standing this solution at 
room temperature for 1 day gave yellow crystals of 12 suitable for X-ray crystallography.  
Yield of crystalline material 1.51 g, 74%.  1H NMR (d8-toluene, 90 °C): δ 0.09 (br s, 6H, 
SiMe2), 0.55 (br s, 2H, SiCH2), 0.94 (t, JHH = 6.8 Hz, 3H, CH2CH3), 0.97 (t, 18H, Et2O), 1.34 
(br m, 2H, CH2CH2), 1.39 (br m, 2H, CH2CH2), 2.64 (d, JPH = 4.5 Hz, 2H, CHP), 3.17 (q, 
12H, Et2O), 6.26 (m, 2H, Ph), 6.84 (m, 4H, Ph), 6.89 (m, 4H, Ph), 6.99 (m, 1H, Ph), 7.07 (m, 
2H, Ph), 7.84 (m, 2H, Ph).  13C{1H} NMR (d8-toluene, 90 °C): δ 2.28 (SiMe2), 13.93 
(SiCH2), 15.03 (Et2O), 20.86 (CH2CH3), 27.09 (CH2CH2), 27.18 (CH2CH2), 34.86 (br d, JPC 
= 61.6 Hz, CHP), 65.92 (Et2O), 114.24 (br, Ph), 120.00, 120.08, 128.00, 130.04, 130.12, 
130.18 (Ph), 131.84 (d, JPC = 6.1 Hz, Ph), 131.91 (d, JPC = 5.5 Hz, Ph), 149.61 (br d, JPC = 
12.8 Hz, Ph).  7Li{1H} NMR (d8-toluene, 90 °C): δ 0.1.  11B{1H} NMR d8-toluene, 25 °C): δ 
-32.6 (d, JPB = 104 Hz).  29Si{1H} NMR (d8-toluene, 25 °C): δ 1.2 (s).  31P{1H} NMR (d8-
toluene, 25 °C): -13.0 (br).  
[PhP(BH3)(CHPh)2]Li3(OEt)(OEt2)3 (13): To a suspension of 6 (0.61 g, 2 mmol) in 
Et2O (40 mL) was added nBuLi (2.4 mL, 2.45 M solution in hexane, 6 mmol) and this 
mixture was stirred for 16 h.  The solution was concentrated to approx. 10 mL and cooled 
to -25 °C for 16 h to give yellow crystals of 13 suitable for X-ray crystallography.  Yield of 
crystalline material 0.41 g, 34%.  The coordinated solvent is partially lost under vacuum to 
yield the alternative solvate [PhP(BH3)(CHPh)2]Li3(OEt)(OEt2)2 (13a); all NMR data refer to 
this latter solvate.   1H NMR (d8-toluene, 80 °C): δ 0.94 (t, JHH = 6.7 Hz, 3H, CH3CH2OLi), 
0.96 (br m, 3H, BH3), 1.01 (t, 12H, Et2O), 2.59 (br, 2H, CHP), 3.20 (q, 8H, Et2O), 3.41 (q, 
JHH = 6.7 Hz, 2H, CH3CH2OLi), 6.30 (m, 2H, Ph), 6.85-6.91 (m, 9H, Ph), 6.99 (m, 1H, Ph), 
7.08 (m, 2H, Ph), 7.88 (m, 2H, Ph).  13C{1H} NMR (d8-toluene, 80 °C): δ 15.10 
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(CH3CH2OLi), 22.10 (Et2O), 35.34 (br d, JPC = 60.5 Hz, CHP), 57.91 (CH3CH2OLi), 65.92 
(Et2O), 114.76, 120.26 (br, Ph), 127.96, 128.44, 130.03 (Ph), 131.77 (d, JPC = 9.5 Hz, Ph), 
139.33, (br d, JPC = 37.2 Hz, Ph), 149.48 (Ph).  7Li{1H} NMR (d8-toluene, 25 °C): δ 0.5 (br).  
11B{1H} NMR (d8-toluene, 25 °C): δ -32.4 (d, JPB = 90 Hz).  31P{1H} NMR (d8-toluene, 25 
°C): δ -14.5 (br).   
[PhP(BH3)(CHPh)2]Li3(OMe)(tBuOMe)3 (14): To a solution of 6 (0.91 g, 3 mmol) in 
tBuOMe (30 mL) was added nBuLi (3.7 mL, 2.45 M solution in hexane, 9 mmol) and this 
mixture was stirred for 16 h.  The solvent was removed in vacuo to give a yellow solid, which 
was crystallized from cold (-25 °C) tBuOMe (10 mL) to give yellow blocks of 14 suitable for 
X-ray crystallography.  These crystals were isolated by filtration and residual solvent was 
removed in vacuo.  Yield of crystalline material 0.60 g, 33%.  1H NMR (d8-toluene): δ 0.92 
(s, 27H, MeOtBu), 2.79 (br s, 2H, CHP), 2.89 (s, 9H, MeOtBu), 3.55 (br s, 3H, OMe), 6.37 
(br m, 2H, Ph), 6.90-7.12 (m, 11H, Ph), 8.00 (br m, 2H, Ph).  13C{1H} NMR (d8-toluene): δ 
26.46 (MeOtBu), 33.35 (br, CHP), 49.42 (MeOtBu), 52.15 (br, OMe), 74.81 (MeOtBu), 
114.08 (Ph), 127.28 (br, Ph), 127.61, 129.50 (Ph), 131.84 (d, JPC = 6.0 Hz, Ph), 149.66 (br, 
Ph) [remaining aromatic signals obscured by solvent].  7Li NMR (d8-toluene): 0.0 (s).  
11B{1H} NMR (d8-toluene): δ -32.9 (d, JPB = 91 Hz).  31P{1H} NMR (d8-toluene): δ -16.4 
(br). 
{PhP(BH3)(CHPh)2}Li2(TMEDA) (15): To a suspension of 6 (0.60 g, 2.0 mmol) in 
Et2O (20 mL) was added nBuLi (1.6 mL of a 2.5 M solution in hexane, 4.0 mmol), followed 
by TMEDA (0.3 mL, 2.0 mmol) and this solution was stirred at room temperature for 16 h.  
The solvent was removed in vacuo and the yellow solid was washed with light petroleum (20 
mL), then dried under vacuum to give 15 as a yellow powder.  Yield 0.95 g, 88%.  1H{11B} 
NMR (d8-THF):  0.71 (d, JPH = 16.3 Hz, BH3), 2.12 (s, 12H, NMe2), 2.27 (s, 4H, NCH2), 
2.73 (d, JPH = 10.8 Hz, CHP), 5.71 (m, 2H, Ph), 6.43-6.56 (m, 8H, Ph), 6.95-7.02 (m, 3H, 
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Ph), 7.72 (m, 2H, Ph).  13C{1H} NMR (d8-THF):  40.55 (d, JPC = 76.4 Hz, CHP), 46.13 
(NMe2), 58.33 (NCH2), 108.46 (Ph), 119.47 (d, JPC = 10.4 Hz, Ph), 126.24 (d, JPC = 2.3 Hz, 
Ph), 126.05 (d, JPC = 7.4 Hz, Ph), 128.04 (Ph), 132.41 (d, JPC = 10.4 Hz, Ph), 148.20 (d, JPC = 
20.1 Hz, Ph), 153.86 (Ph).  7Li NMR (d8-THF): δ 0.1.  11B{1H} NMR (d8-THF): δ -31.8 (d, 
JPC = 96 Hz).  31P{1H} NMR (d8-THF): δ -12.8 (m). 
[PhP(BH3)(CHPh)2]Li3(OiPr)(OEt2)3 (16): To a solution of 6 (0.6 g, 2.0 mmol), and 
iPrOH (0.15 mL, 2.0 mmol) in Et2O (10 mL), was added nBuLi (2.55 mL, 2.35 M solution in 
hexane, 6.0 mmol) and this mixture was stirred for 3 h.  The resulting solution was cooled to 
4 °C overnight to give 16 as yellow crystals.  These were isolated by filtration and residual 
solvent was removed in vacuo to give the alternative solvate 
[PhP(BH3)(CHPh)2]Li3(OiPr)(OEt2)1.5 (16a); all NMR data refer to this solvate. Yield 0.68 g, 
69%.  1H{11B} NMR (d8-THF):  0.69 (d, JPH = 14.7 Hz, 3H, BH3), 1.02 (d, JPH = 5.7 Hz, 
6H, CHMe2), 1.13 (t, 9H, Et2O), 2.64 (d, JPH = 10.5 Hz, 2H, CHP), 3.40 (q, 6H, Et2O), 4.00 
(m, 1H, CHMe2), 5.77 (m, 2H, Ph), 6.46-6.56 (m, 8H, Ph), 6.97-7.06 (m, 3H, Ph), 7.71 (m, 
2H, Ph).  13C{1H} NMR (d8-THF):  15.81 (Et2O), 30.48 (br, CHMe2), 40.17 (d, JPC = 71.9 
Hz, CHP), 64.40 (br, CHMe2), 66.38 (Et2O), 108.97 (Ph), 119.60 (d, JPC = 11.2 Hz, Ph), 
126.41 (Ph), 127.06 (d, JPC = 8.5 Hz, Ph), 128.14 (Ph), 132.59 (d, JPC = 9.4 Hz, Ph), 146.77 
(d, JPC = 32.4 Hz, Ph), 153.56 (Ph).  7Li NMR (d8-THF):  0.1 (s).  11B{1H} NMR (d8-THF): 
 -32.1 (d, JPB = 91 Hz).  31P{1H} NMR (d8-THF):  13.2 (br. m).  
X-ray Crystallography: Crystal structure datasets for all compounds were collected on 
an Xcalibur, Atlas, Gemini ultra diffractometer (Rigaku Oxford Diffraction) using an 
Enhance Ultra X-ray Source (λ CuKα = 1.54184 Å).  Using an Oxford Cryosystems 
CryostreamPlus open-flow N2 cooling device, data for all structures were collected at 150 K, 
except for 12, for which data were collected at 200 K, due to a phase transition at lower 
temperatures which caused the crystal to fracture.  Cell refinement, data collection and data 
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reduction were undertaken using CrysAlisPro.21  For PhP(CH2Ph)2, 9a, 13, and 14 an 
analytical numeric absorption correction was applied using a multifaceted crystal model 
based on expressions derived by R. C. Clark and J. S. Reid.22 For 6, 12 and 16 intensities 
were corrected for absorption empirically using spherical harmonics. 
The structures were solved by intrinsic phasing using XT23 and refined on F2 values for 
all unique data by XL24 through the Olex2 interface.25  Table S1 in the Supporting 
Information gives further details.  All non-hydrogen atoms were modelled as anisotropic. 
Hydrogen atoms were positioned with idealized geometry and their displacement parameters 
were constrained using a riding model with the exception of those attached to boron, the 
positions of which were located from peaks in the Fourier difference map. 
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